INTRODUCTION
Telecommunication infrastructures from multiple vendors deliver new and frequent changing combinations of services over every type of communication technology. Also, with the convergence of data communications, telecommunications, and other forms of communication, the complexity, heterogeneity, and size of networks supporting the emerging services are rapidly increasing. Therefore, we need flexible, scalable service fulfillment operations support system (OSS) solutions. For this reason, TeleManagement Forum (TMF) provides a Next Generation Operations Systems and Software (NGOSS) [1] framework to improve the management and operation of information and communication services.
As network services newly emerge, the network services and resources need to be easily configured. To configure the complex and heterogeneous networks and services, operation management systems also need to be developed using up-todate technologies. To reduce frequent changes and upgrades of management systems, we need a guideline of OSS's architecture and development methods of the OSSs. Thus, TMF has proposed NGOSS technology-neutral architecture (TNA) [2] , which describes major concepts and architectural details of the NGOSS architecture in a technologically neutral manner. The goal of TNA is to define a component-based and distributed system architecture and an associated critical set of system services which this architecture requires. The TNA can be implemented using the currently available distributed system information technologies. That is, the TNA can be mapped onto appropriate technology-specific architectures (TSAs), which can leverage industrial standard frameworks such as service-oriented architecture, component-based architecture and distributed computing. The separation of technology-neutral and technology-specific architectures enables OSS developers to choose the 'best fit' management components and technologies for their management capability.
TMF has also proposed three technology application notes that describe the mapping of TNA onto specific technologies such as XML [3] , CORBA [4] , and Java [5] . Web services is a distributed and services-oriented computing technology with strong support from the industry. It is one possible technology for NGOSS architecture and the mapping of NGOSS TNA to Web services-based TSA is a promising research area [6] The service modules can communicate with each other through the common communications vehicle (CCV) [2] . The CCV is a kind of message bus independent of specific technology, which is responsible for the transport of information among application objects. The services are mainly divided into two parts: business services and framework services [2] . Business services provide the application level functionality that directly supports the implementation of a business process such as SLA management, billing mediation, QoS, etc. Framework services provide the infrastructure necessary to support the distributed nature of the NGOSS TNA. For example, they include naming and directory services, messaging services, and transaction management/monitoring services.
The framework services consist of repository, registration, location and naming services. The registration service provides for services and functionality needed to support location transparency. The repository service provides a logical view of all the information on a deployed distributed system. The naming service is responsible for generating and resolving unique names for the various entities contained in the repository. The location service, often built on the naming service, provides a means to map a request for an obj ect to a particular instance of that object.
The NGOSS contract [2] is the fundamental unit of interoperability in an NGOSS system. The contract is used to define a specification of a service to be delivered, as well as to specify information and code that implement the service. In short, the contract is a way of reifying a specification of a service, and implementing the functionality of the service including obligations to other entities in the managed environment. Thus, it is much more than a container of data or a specification of a set of methods.
III. TECHNOLOGY APPLICATION NOTES
TMF provides three documents called application notes representing specific technologies applied to the NGOSS TNA. The application notes present requirements of the NGOSS TNA, an overview of each technology and a guideline to direct how the technology maps to the concepts of TNA. In this section, we present the principles of the NGOSS TNA and compare three TSA using specific technologies: XML, CORBA, and Java.
TMF proposed two technologies of XML [3] and CORBA [4] for NGOSS TNA and specified technology application notes with these technologies. OSS/J [5] initiative proposed Java technology as a specific technology for TNA. Table 1 shows a comparison result of three technologies in accordance with the alignment of NGOSS TNA. [3] .
CORBA is an open distributed object computing infrastructure. It automates many common network programming tasks such as object registration, location, and activation. Therefore, CORBA supports the communication method and framework services for the distributed processing.
It also supports interface definition with specifying CORBA IDL. However, it does not provide information modeling; hence it can define the shared information using XML or other languages [4] . J2EE, Java implementation platform, directly implements the principles of NGOSS TNA such as the distribution support and separation of business process from implementation. However, Java does not have any explicit support for the concept of shared information or federated information services as defined in NGOSS TNA [5] .
IV. DESIGN
In this section, we design a technology specific architecture using Web services technologies.
A. Alignments with NGOSS TNA using Web Services
We examine how the Web services technologies can be mapped onto the requirements and characteristics of the NGOSS TNA [6] .
The information model is designed to be more than just a standard representation of data -it also defines semantics and behavior of, and interaction between, managed entities. The NGOSS Shared Information/Data (SID) model [7] provides the industry with a common vocabulary and set of information/data definitions and relationships used in the definition of NGOSS architectures. The XML Schema allows us to define the structure of management information with richer definitions of data types of XML documents including complex and data centric types. The XML Schema also allows inheritance relationships between elements. Thus, we can define management information using XML Schema in a flexible manner. Based on our defined XML Schema, we can define management operations and messages written in WSDLs. The second requirement of the NGOSS TNA is to provide distribution transparency. The NGOSS system needs a communication mechanism and a repository that records information used during system execution. This requirement is achieved by the CCV and framework services. UDDI Web service includes many standard specifications. In Section IV-A, we examined the alignment with NGOSS TNA using Web services technologies, in which we focus more on the NGOSS specification from a Web services perspective. Figure 2 shows our Web services-based TSA. Our architecture is extended from the TNA architecture using Web services technologies. As mentioned in Section IV-A, SOAP is used as CCV to communicate between process entities, and WSDL is used to define contracts between process entities through SOAP. UDDI supports the framework services of repository, registration, naming, and location services and WS-BPEL supports the process service.
The policy service can use the WS-Policy specification as an information definition and a policy manager as an engine. The security service can use the WS-Security specification as an information definition and a security manager as a service engine. The management operation services such as service assurance, service delivery, etc. can be defined as new services using WSDL. The adapter acts as a message handler with a SOAP client module. A XMLDB can be used as a management repository instead of a traditional RDBMS. The native XMLDB stores the data structured as XML without translating the data to a relational or object database structure. However, the performance of XMLDB is not thoroughly verified yet.
V. CASE STUDY
We select the process of DSL fulfillment, which is one of the examples of eTOM's fulfillment process, as a sample case to verify our technology specific architecture.
A. Management Information
As explained in Section IV-A, we define our management information through XML Schema. We use the XML Schema defining the information model of customer order and service order. The information of customer order includes customer name, customer contract name, customer address, product, and so on. The service order contains all contents of the customer order that defines the information of the customer order as the complex type of CustomerOrderType and refers to this type. In this way, the customer order in the service order also refers to the same type so that it can be reused without any repeated definition. We have examined the concept, architectural principles and components of the NGOSS TNA. We proposed our technology-specific architecture using Web services technologies considering the requirement of NGOSS TNA. Web service is a distributed and services-oriented computing technology that can be applied to the NGOSS TNA. Also, we showed a case study based on our proposed design.
We will extend our prototype of Web services-based TSA and the management functions and also perform a test on our implementation system. Finally, we will extract performance metrics of Web services-based TSA and conduct performance analysis.
